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Catalogue of 20457 Star Positions Obtained by Photography
in the Declination Zone -480 to =54° (1950)

by ;
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The methods for constructing a catalogue of 20457 star positions for the
epoch 1964 between -48° and -34° declination are described. The positions
were obtained by the overlap method, and imeges generated by a coarse
diffraction grating were employed to control magnitude related effects on the
positions. A selection of about two faint AC stars per square degree was
included to serve as material for the eventual determination of magnitude
effects on the AC positions. The standard error of a catalogued position

estimate based on two images is 0V12 in either coordinate.
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I. INTRODUCTION
There is a conspicuous gap befﬁéen -50° to -52° in the photographic AG-
type zone catalogues in. the southgrn hemisphere. This is due to the lack of
coverage between -50° to -60° by’fhe Yale Photographic Catalogue and between
-40° and -52° by the Cape photogr'é‘pmé Catalogue (cf. Eichhorn, 1974, pp. 246
and 274). The Cape astroncmers apparently did not construct another new
independent catalogue between -40° and -52° because this region had been
repeatedly covered at the Cape before. (Gill and Hough, 1823, STS 10012);
Spencer Jones and Jackson, 1936; Spencer Jones and Jackson, 1939, STS 1003.)
No reasons were given to anit the zone between -50° and -60° from the Yale

catalogue. In view of the existence of the above mentioned coverage of the

-zone -40° to -52°, it is not really surprising that initially, new

photographic observations were plahned for the camputation of precise .
nositions and proper nﬁiions in those declination belts where there were none
available at all. |
The primary aim of the present catalogue is to close this gap with a

generous overlap on both sides. At the beginning of the nineteen sixties,
when the work on the present catalogue was planned, the authois felt that the
availability of modern measuring machines and then even more so, camputers,
had ushered in a new era of relative photographic catalogue astrametry, since

the calculation of the stars' final positions from the measured coordinates of

their images on the plates could now be performed on camputers. Not only did
the computers eliminate the tedium of calculating the final catalogued

positions "by hand", but they also freed the catalogue astrametrists fram the

2)4ere and in the rest of this paper, STS refers to the numbe  assigned to the
catalogue in question by Sevarlid, Teleki and Szddeczky-Kardoss (1978) in
their list.
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hecessity to find computational shortcuts, often at the cost of accuracy.
Without these shortcuts, the nassive'conphfations neceséary for the
calculation of the final coordinates could not have been performed at all.
Carputers made it possible for tngse who designed thé procedures to be
employed for the camputation of catalogues to turn their efforts to extracting
position estimates of the highest possible accuracy and precision from the
"observations", that is, the measured rectangular coordinates of the star#’

images on the plates.

The first step toward this goal was the introduction of the plate overlap

method (Eichhorn, 1960). This method for constructing photographic star

catalogues attacks the problem directly. Since the camputing task of
constructing a photographic star‘éatalogue consists of calculating positions
(strictly speaking, position! estimates) fram the measured coordinates (the
observations) and previously available position estimates of a sample of stars

(the catalogued positions of the reference stars), the overlap method sets up

the equations rigorously in such a way that the positions of all stars under
consideration, together with the (really not very interesting) plate
parameters, appear in them as unknowns. This approach avoids the samewhat
paradoxical situation oi (ne classical plate constant method in which the
ultimately published postions are obtained as the (weighted) means of the
several different "best" pcsitions which result from the individual and
mutually indeégznt reduction.of the measurements on all those plates on which
any particular star occurs. After all, a "best" position which is later
overridden by an even better one could not have been the best to begin with.
The overlap method requires a corputing effort of typically two orders of
magnitude greater than does the classical plate constant method in which each

plate is reduced as a single unit independently of any other plate, even
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though other plates may cover the same region of the sky. Numerical effort

is, however, (within reason) not a §igni£i;ant consideration in this age of
carputers, and the i'eduction of star catalégues by the overlap method may
today be regarded as the acceéted,"standard. _

This was not yet so when wej constructed this catalogue. We had tested
the plate overlap method previouéiy by re-reducing the measurements which had
ﬁ been made for the establishment of the Cape Photographic Catalogue -52° to
-56° and -56° to -60°; (Lukac et al., 1970) and found it to give significantly
improved results, cf. Eichhorn (1974, pp 277-278).

We therefore applied it to compute the position estimates in the present
i catalogue, which is intended to cover part of the gap left by the Yale and the
Cape Photographic Catalogues.

The present catalogue contains position estimates not only for stars to

g

the magnitude limit one expects to find in a traditional AG type catalogue,

St icm o~ ——

but also for a selection of faint stars fram the corresponding zones of the

N

{ AC. (This is also true for the Yale zone -70° to -90°; L, 1971, STS 2010).

The rationale for deriving estimates for the positions of these faint stars

-
ATy

was given by Eichhorn (1974; pp 286-288); their purpose is to serve eventually

as material for the assessment of the magnitude-only-dependent systematic

| 1 errors (model deficiencies) in the AC zones. In order to make the catalogued
positions of faint stars suitable for their intended purposes, we had to pay

‘: 1 . close attention to avoiding magnitude dependent errors, and our efforts toward

! this goal will be described below in Sec. 5.

1I. THE PLATES
The Plates were exposed on the Taylor, Taylor and Hobson catalogue camera

of the Sydney Observatory. They cover an area of 6° x 6° with a scale of
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116"1/mm. The particulars were extracted fram a .letter of the then Government
Astronamer, Harley Wood, to the Camnndin'g.»Officer of tl‘ﬂe U.s.’\th Service,
dated July 20, 1964. Egch Ilford _Rapid Process Expexjimental Brulsion plate
was exposed for six minutes and déveloped in'a tropical developer which,
according to the experience of the Sy‘dney astronamers, minimized emulsion
shift. A coarse dift‘raction grating (grating constant of 3¥9) was used.

| The plates were taken with the telescope always west of the pier in 1964,
from February 13 to October 29, and thus may be regarded as virtually
contemporaneous. Only those plates on which stars of tenth magnitude produced
clearly measureable images were forwarded for measuring.

- The declinations of the plate centers were always -51° (1950). Table I
Belew gives their right ascensions (1950) and the dates and epochs of

exposure. The observer is indicated in the next colum (R: W. H. Robertson,

S: K. P. Sims and W: H. W, Wood). The remaining colums list the hour angle
at midexposure and the seeing on an arbitrary scale of 5 (best) to 1 (worst
still permitting acceptable plates to be taken). The last colum gives the

plate numbers in the Sydney archives.

111. THE MEASUREVENT

All stars selected for measurement in the zone covered by the plates are

listed in at least one of the following: The Catalogue by Gill and Hough
(1923), and the zone -52° to -56° of the Cape Photographic Catalogue (CPC);
(Jackson and Stoy, 1955; STS 1702). Furthermore, added to the list of program
stars were approximately two of the faintest stars (per square degree) fram
the appropriate Astrographic Catalogue (AC) zones (Cape and Sydney).

As already stated above, these latter are intended to provide material

for the eventual determination in the AC zones of those aberrations (that is,
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TABLE I. The plates.

te Epoch Obs. h.a. S No. R.A. Date Epoch Obs. h.a. S
1964 1964 1964 1964
.6 .60 R 2M 3 4248 12M08™ Mar.17 .20 W 0M 2
.6 .60 R 3.0 3 4249 24 Mar.17 .21 W 1.5 1
.86 .60 R 3 4250 40 Mar.17 .21 W 1.0 1
.6 .60 R 4.0 3 4251 56 Mar.17 .21 W 4.0 1
.6 .60 R 2.5 3 4252 13 12 Mar.17 .12 W 3.5 1
.6 .60 R 4.0 3 4253 13 28 Mar.17 .21 W -6.5 0
.27 .82 W 0.2 2 4309 13 44 Mar.18 .21 W =-1.5 2
.28 .82 W -0.2 2 4315 14 00 Mar.18 .21 W -0.5 3
.28 .82 W 1.3 2 4316 16 Mar.18 .21 W 1.5 3
Oct.29 .83 W 1.4 2 4317 32 Mar.18 .21 W 3.0 3
Oct.29 .83 W 1.0 2 4318 48 Mar.18 .21 W 5.5 3
Oct.29 .83 W 1.8 2 4319 1504 Jul.13 .53 S 7.5 1.2
Oct.29 .83 W 2.9 2 4320 20 Jul.13 .53 S 6.5 1.5
Oct.29 .83 W 5.0 2 4321 36 Jul.13 .53 S 5.5 1.5
Oct.29 .83 W 5.3 2 4322 52 Jul.13 .53 S 4.0 1.5
Oct.29 .83 W 5.6 2 4323 16 08 Jul.13 .53 S 2.5 2
Oct.29 .83 W 4.9 2 4324 24 Jul.13 .53 S 6.5 2
Oct.28 .82 W 0.6 2 4310 40 Jul.13 .53 R 7.5 2
. Oet.28 .82 W 0.2 3 4311 56 Jul.16 .54 R 2.5 2
Oct.28 .82 W 2.1 2 4312 1712 Jul.12 .53 R 1.5 3
Oct.28 .82 W 1.4 2 4313 26 Jul.13 .53 R 0.0 3
Feb.13 .12 W -0.5 3 4002 44 Jul.13 .53 R 0.0 3
Feb.13 .12 W 0.0 3 4003 18 00 Jul.13 .53 R 1.5 2.5
Feb.13 .12 W 1.5 3 4004 16 Jui.13 .53 R 1.5 2.5
Feb.13 .12 W 1.0 4 4005 32 Jul.30 .58 W 0.0 3
Feb.13 .12 W 0.0 4 4006 18 48 Jul.30 .58 W 3.0 3
Feb.13 .12 W 6.0 4 4007 1904 Jul.30 .58 W 4.5 3
.4 .17 W 0.0 3 4011 20 Jul.14 .53 R 2.0 3
.4 .17 W 0.0 3 4012 36 Jul.15 .54 R 2.0 3
Mar. 9 .19 R 4.0 2 4013 52 Jul.15 .54 R 2.0 3
808 Mar. 9 .19 R 2.0 2 4014 20 08 Jul.14 .53 -R 6.0 2
24 Mar. 9 .19 R 1.5 2 4015 24 Jul.14 .53 R 2.5 2 4
. 40 Mar. 9 .19 R 2.0 2 4016 40 Jul.15 .54 R 2.0 3 4
56 Mar.9 .19 R 0.5 2 4017 56 Jul.15 .54 R 1.0 3 4
l 912 Mar.11 .19 R 1.5 2 4028 21012 Jul.15 .54 R 2.0 3 4
28 Mar. 9 .19 S -0.5 2 4018 2128 Jul.l15 .54 R 11.0 3 4
: , 44 Mar. 9 .19 S 1.0 2 4019 44 Jul.15 .54 R 8.0 3 43
‘000 Mar. 9 .19 S 1.0 2 4020 2200 Jul.15 .34 R 3.0 2 4
16 Mar. 9 .19 S 0.5 2 4021 16 Jul.15 .54 R 4.0 2 4
32 Mar. 9 .19 S 1.0 2.5 4022 32 Jul.15 .54 R 3.0 2 4
| 048 Mar.9 .19 S 1.0 3 4023 48 Jul.1?7 .54 R 4.0 2 4
1046 Mar.9 .19 S 1.0 3 - 4024 23 04 Jul.17 .54 R 3.5 2 &
20 Mar.10 .19 S 1.0 3 4025 20 Aug. 6 .60 R 4.0 3 4
3 Mar.10 .19 S 1.0 3 4026 3 Aug. 6 .60 R 4.0 3 4
. 52 Mar.10 .19 S 3.0 3 4027 54 Aug. 6 .60 R 2.5 5 4




deviations from strictly gnamonic projection)'}hat depend on magni tude

alone. We employed coarse objective grating images in the camputation of the
present catalogue to determine and eliminate magnitude dependent aberrations
with the hope of havinglnﬁninﬁzeqftheir effect on th§ published positions. It
can be seen that magnitude dependent aberrations which do not depend also on
the position of the image on the plate can be determined in only two ways.
The first of these requires &5 during one single exposure, same device which
will produce on the plate two well separated (but still very close) images of
each star such that the light striking the objective is split into two
unequally intense parts, both of which will form images of different
blackening. Examples are the coarse objective grating and the Fellgett

prism. The second possibility for determining magnitude-only-dependent
aberration is ¥ by comparison with such reference material which is
presumably free from such errors. Since no device as described in (a) was
ever emloyed for taking any of the plates later measured for the construction
of the AC, those aberrations in the AC whose effects depend on magnitude alone
cannot be determi?ed in any other way than by comparison with reference
material. It is clear that the magnitude range of this reference material
must encarpass that of AC stars, because the nngnitude-only-dependént
aberrations are most likely nonlinear functions of the magnitudes. To have
included faint AC stars in the present catalogue is therefore the first step
for the establishment of the required reference material. The second and last
step towar§ this aim will have been accamplished with the determination of the
proper motions of these stars. These proper motions will be necessary for the
carputation of positions at the epochs of the AC plates.

The faint AC stars were selected by looking for listed coordinates of

appropriately faint stars close to the centers of the AC plate quadrants.
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Fram the spherical coordinates of the tangential points of the plates and
the focal length of the instrument on which the plates were exposed, the
expected rectangular coordinates of the progran stars were predicted by the
precepts given by Eichhorn (1974, pp. 292-295).

The machine on which these plates were measured is a Mann 422/F with
binocular eyepiece and manually operated lead secrews on which both rectangular
coordinates are measured simultaneously. Each screw is connected to an
encoder with optical readout (Mann Data Logger, with a least count of one
micrameter). During the measurement sittings; the correspondence between the
raw screw readings (on the drums) and the encoder readings were checked eve.
hour to guard against slippage between encoders and screws. The encoder
readings were autamatically punched on cards. Each encoder can be set suct
that the constant difference between its reading and that of the correspondiug
lead screw is arbitrary; élso; each encoder can be set to increase its reading
either with or counter tomthat of the corresponding lead screw. In
carbination with operating the turntable, it is thus easy to adjust a plate in
the measuring machine in suéh a way that the encoders duplicate the predicted
coordinates of the stars' images within better than ten micrcmeters. This
almost eliminates identification errors during measurement. Because of the
features described abobe, the measured coordinates of an image in the reverse
position can likewise generally be made to agree within a few micrometers wfth
the coordinates of the same image that were measured in the direct position.
This agreement of measured coordinates in direct and reverse positions allows
the naasﬁrer to know immediately whether the image measured was the one he
intended to measure.

In order to minimize the influence of systematic and measuring mechine

generated errors (such as screw errors and way errors) on the measured
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coordinates, the initial position of a plate during the measurement in the
direct position was turned by 90° against that used for the plate immediately
preceding in right ascension. Since the spherical coordinates published in
this catalogue typically depend on the coordinates measured on two plates,
most of the right ascensions as well as the declinations were thus camputed
from measurements made with both screws.

Before the measurements started, the screws and ways of the measuring
machine had been investigated and found to impart no systematic errors larger

than one micrameter on the measurements. Corrections for such errors were

therefore not applied.

The measuring team, consisting of seven measurers, was under the direct

supervision of W, J. Veigel.

The plates being measured lay emulsion up on a horizontal stage which
consists in part of a thick transparent clear glass pane. During the
measurements, the positioh of the plate being measured, with respect to the
stage, was defined by three (vertical) cylindrical studs against which the
plate was held by springs. Also, during measurement the plate was pressed
down against the glass pane by springs. The studs defired the position of the
plate so well that it could be campletely taken off the stage and be
reinserted within about 5 micrameters of its original positions if nothing
else were changed. On the average, more than 500 images per plate were

measured and more often than not, the measurements of the images in one

position were spread over two or three separate sittings. Only by removing
the platés fran the stage between sittings could we make sure that all
measurements on any one plate were made by the same measurer. We judged this

preferable to having a plate measured by different measurers and thus running

the risk of introducing observer-dependent systematic errors. It was

/o
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therefore unnecessary to investigate systematic differences between different

]
% measurers. In direct and reverse position of the plate, a "measurement" on an

5 image consisted of the average of the readings made at three settings each.

The readings during the reverse measurements were punched onto the same cards
as those made during the direct ones. All ninety plates were measured between
Decermber 1966 and October 1967.

In order to "hamogenize" the measurements, that is, to find those
coordinates which would have been measured had the plates not been removed
fran the measuring machine between sittings, and had they not shifted with

respect to the screws during the sittings, nine control stars were selected on

each plate - one close to the center of the plate, one close to each of the
! corners and one more close to the middle of each edge. These control stars
were measured at the beginning and the end of each sitting.

The hamogenization of the measurements of the coordinates on one plate

fran the different sittings (both in direct and reverse positions) was
accarplished as follows.

!
; ? Let X;ij, yjj» be the rectangular coordinates of the i-th (control or

-
-

field) star measured during the j-th sitting. Since the temperatures at the
measuring machine were kept sufficiently constant so that a relative expansion
of the plates with respect to the measuring screws need not be allowed for, we

may postulate

Xj] = Xjj oS Py *Yij SInPj * Gy (1)
| Yi1 = “Xij singj * yij cos P + D;

where ¢, C;, and D; are constants for each sitting., Equations (1) are always

available for the control stars in each sitting. For the coordinates of all

equations of condition,

{
|
i ' stars (field and control), measured during sittings j and k, we have the
{
1

1

{
‘.’._ i aaaiid




~ agpinee =

- -

3.1- cos &pJ +y” sxn{J +C ~ Xjk S Py - Vik sxn?k 80
Xij sm(pJ "Yn] cos @4 +Qj 53”‘7’k'yxk cos ¢y - Dk
available for the constants of the j th and the k-th sitting. Normally,
except for the control stars which were mea..-ed during each sitting, the
plate was in the direct position during one of the sittings i and/or k and in
the reverse position during the other one. The solution of the normal
equations which result fram the condition equations (1) and (2) is easily
calculated on a corputer. In these normal equations, Xij and yjj are the
observations, and the sitting constants 13, gﬁ, Qi are :;e adju;;nent
parameters.

Generally, more stars per sitting were measured during sittings in the
reverse plate position than with the plate in the direct one. In the reverse
position, all stars on any one plate were quite often measured during one
sitting, especially when the star density on the plate was not particularly
high. This is so because_the>finding list for the reverse position
measurements was a printout of the measurements made in the direct position,
while the finding list for the measurements in direct position was a camputer
sheet prepared at the Defense Mapping Agency (DVA, then‘, the Army Map
Service). The reverse sittings thus usually overlapped the direct ones,
thereby generating a structure of equations of the type (2) which greatly
contributed to the accurate determination of the sitting constants. These
constants were then used to transform, by equations of the type (1), all
measurements to what they would have been had they been made during the first
sittings. This evidently carprises the taking of the means of the direct and
reverse measurements, and regarding these means as the measured rectangular
image coordinates in all further computations.

The precision of each individual measurer was constantly monitored

(2)




© et & - s pgman =

TOTTITEORT TR e T TR e T T

13

‘Without his knowledge by comparing the direct and reverse positions, each
derived fram one set of measurements, after the hamogenization. On the
average, the dispersion of the differences between the sets of direct and
reverse measurements on the same star is 1.09 micrameters, with the figure for
the best measurer being 0.89 micrameters, and 1.59 micrameters for the worst,

T™™HE
IV. 1’E REFERENCE PCSITIONS AND CATALOGE SYSTEM
The raw material for the calculation of the reference positions which

were used to reduce the plates was taken fram these sources:

1. 6744 Estrellas del Catalogo de Boss (Martinez, 1959); LaP130, STS

1775, which gives observations of star positions in the region -47°
to -82° made at the La Plata Observatory. The average epoch of these
positions is 1945 and the system is ostensibly that of the FK3,

2. The GC, (STS 1727) and

3. The Third Cape Catalogue for 1950.0 (Stoy, 1966); CpgoPP, STS 1697,
which lists the positions of 2805 stars on the system of the FK4 for
an epoch around 1964.

LaPlgg contains independent new positions of QC stars. Our original
intention had been to use these for revising the GC positions and proper
motions in the way described by Eichhorn and Googe (1968). In order to
accamplish this, we réduced the LaPl§9 positions onto the FK4 system by
applying the tables (FK4-FK3) published in the FK4, and reduced the GC
positions to the system of the FK4 using the tables by Brosche, waaéki, and
Strobel (1964). Only the stars in the region fram -47%30' to -54930' were
included. After this had been done, considerable systenﬁtic differences
between the positions of the various stars fram different sources were still

conspicuous., We therefore decided to disregard Martinez' statement that
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LaPlgg is on the FK3 system and to investigate the systematic difference
between the LaP130 and the GC with the aim of deriving new tables for the

reduction of the system of the LaPlgg to that of the GC. The same is also

true, - mutatis mutandis - for CpgoPP.

After camputing the GC positions for the epoch of the LaP130 positions,
the differences GC minus LaP130 were investigated first. For this purpose,
the star positions were grouped according to right ascension (by hours),
declination (less or greater than -51°) and magnitude (less or gréater than
7929, which is the median magnitude of the 1868 stars in this sample). The
averages of the right ascension and declination differences were then
calculated for each subset together with the dispersions about the averages.
Inspection of these differences, given in Table II, reveals their dependence
on right ascension, declination and magnitude. In particular, a bias in right
ascension is apparent.

We decided to represént the systematic differences by an analytic
formula. Our methods were modeled samewhat on those of Brosche (1966), who
expands the systematic differences between the FK4 and GC in terms of
spherical harmonics which are first orthogonalized by the Gram-Sctmidt process
with respect to the data at hand, namely the stars cammon to the two
catalogues. He then camputes the coefficients and rejects (that is, sets
equal to zero) those which do not pass a significance test based on the
Fischer distribution. Since the functions, that is, the spherical harmonics
themselves are orthogonal, elgﬁnntion of the ones found to make an
insignificant contribution to the analytical represea;tation of the differgnce

will not influence the values of the coefficients of those retained.
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In place of the spherical harmonics we used products of a trigonametriec
polynomial in right ascension, a polynamial in magnitude and, since we are
dealing with a relatively narrow declination zone, a polynamial in
declination.

Among the spherical harmonics which Brosche uses for this method, there
is more or less a natural order of increasing camplication. (First by degree,
and for harmonics of the same degree, by order.) For the functions of the
variables which we adopted, no such obvious order exists, however. For '
instance, there is no natural way to decide which of the two is more
camplicated, sin3a or dcos2a. We therefore proceeded as follows.

~We defined and used functions (terms) which would be strictly orthogonal
if the stars were uniformly distributed. These terms were one of the
functions of the right ascension: 1, sina, . . ., sinéx, cosx, . . . ,
cos6a, possibly multiplied by ore fran the following set: ¥ 22-1/3, 23-3!/5’
and ngQS, where y= (8+51°)/3, withgg being stellar magnitude. Note that the
functions °f.Z are merely unnormal i zed Legendre polynamials through the third
degree in y, and that y is defined such that it varies fram ~1 to +1 for the
declination of the stars in the catalogue. These polynamials (functions of
the declination) would also be orthogonal if the stars were uniformly
distributed. Similarly, the terms sinna and cosna are orthogonal for a
uniform distribution. Note that m-7%% is approximately orthogonal to all
other terms since 75 is approximately the average magnitude.

Sixty-five different terms were tested for inclusion in the model for the
systematic differences. Obviously, not all of these could be significant.
The following algoritim was thus used to arrange them in order of their
effectiveness: First, that term among the sixty-five was selected which, when

used by itself, resulted in the greatest reduction of the sum of the squares
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' 'df the residuals. Fram then on the selection proceeded inductively. Assume
that n terms have been chosen. Tﬁe (§+1)St term is then that term from among
the remaining, which, when used in conjunction with those already selected,
will reduce the sun of the squareé of the residuals by the largest amount.
(Note however, that n terms chosen in this way will not nécessarily produce

the smallest sum of squares of residuals among all possible selections of n

terms from the original collection of sixty-five. We do not regard this as a
very important point, though.)

As this selection algorithm was applied, a selection was calculated with
n=2,3. .. terms as well as their standard errors, the sum of squares of
residuals and dispersion (§V§) of the residuals. Table IIl gives these data

for the corrections in right ascension for n=2.. .12 and Table IV gives

similar data for declination. The first colum (n) gives the number of terms,

the second (S) the sum of the squares of the residuals in units of 1"2, the
third the dispersion of the residuals and the fourth, (R), gives the ratio
used in the hypothesis test for the significant term. (This will be discussed
in the next paragraph.) The colfums labeled C give the coefficients of the

terms and those iabeled O give the standard errors of the C inmediately

preceding it, in units of 0v00l.

The gth term was rejected as being ‘insignificant if in the context of the
solution with n terms, the hypothesis that the coefficient of the last term
was zero did not need to be rejected. Let R = (Sp_; - Sp)(N - n)/§p, where §;
is the sun of squares of the Egsiduals fram the solution with j terms, and N -
is the number of equations. The hypothesis was then tested at the 95%
bconfidenée level by camparing R.with tables of the Fisher distribution (Selby
1971, pp. 613-619). Because of the large value N = 1868, a term was accepted

if R exceeded 3.8. As can be seen fram the tables, seven terms passed this
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TABLE 111. Right-ascension-coefficients for systematic differences GC minus LaP130.

n 2 3 4 5 8 7 8 9 10 11 12

] 1314 1308 1303 1298 1293 1290 1288 1286 1284 1282 1282

| RS 839 838 836 835 834 833 832 832 831 831 831
R 377 8.8 7.2 7.0 6.8 5.0 3.2 2.5 2.5 2.7 1.9

o -517 -514 -514 -517 -518 -520 -521 -521 521 -522 -521

. 31 22 21 22 21 2 22 21 2 21 2 2

: Cq -170 -172 -168 -167 -164 -165 -165 ~-164 ~-164 -163 -162

0y 3 3% 30 3 3 30 30 3 30 30 30

g 88 8 76 78 76 87 89 94 95 96

S3 3 -3 3 3 3 .31 3 3 33 A

Cq 108 116 116 119 121 120 115 109 112

| Sy 4. 4 4 M4 4 4 M o

! Cs -108  -115 -114 -114 -115 -114 -113  -112

0% 45 45 45 45 45 45 45 45

i

i Cs 238 237 244 238 240 247 251

, U & 100 100 100 100 100 100 100

: Cr 62 61 50 47 43 44

. & : 3 3 81 3 3 31

Cs 40 42 43 44 45

g 24 24 24 24 24

: -38 -39 -40 -39

’ 53 % 26 26 26

' 47 47

3 3

-156 -146

105 105

130

103

L.




o

fferences GCC minus La.Plg_q.

973
72
5.0

L T 19
TABLE IV. Declination-coefficients for systematic di
2 3 4 5 6 7 8
1000 994 989 985 . 981 9178 975
13 73 73 73 73 73 72
1.8 10.8 100 1.5 6.8 6.1 - 5.3
19 19 19 20 . 20 20 20
2 2 2 2 2 2 2
-5 -5 -5 -5 -5 -5 -5
2 2 2 2 2 2 2
-8 -8 -8 -8 -8 -8
3 3 3 3 3 3
Cs 18 19 18 18 18
| % 1 1 1 1 1
i Cs 7 7 7 6
! = 3 3 3 3
! .
; Ce -9 -9 -10
' 13 13
I ;N
¢ Ca -8
, g 4
’ G
59
0
10
G111
it
i
| T, i -
R G e e EmE

970

)

10

e D

72
4.4
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t.est for inclusion in the right ascension difference formula and eleven in
that for declination. The terms in % were: 1, cos2e, §in5q, ycosda, ysinée,
(13-§y/5)sin4a and sind, anc ind: 1, r_x_i;-?'l’s, sind«, (23-32/5), cose, ysine,
(12-1/3)cos3a, yeos2x, eosSx, coséx and (12-1/3).

The appearance of that many 'éarplicated terms is samewhat surprising.
The corrections due to these terms are, however, uniformly small. (Note that
except for the term in m-785, the maximum absolute value of every term is at
most 1 in the range of « and & in question). The absolute value of the effect
of a term can therefore never be larger than its coefficient.

Tables II1 and 1V deserve a few more remarks. The stability of both the
coefficients and their standard errors, as more terms are added, show the
effectiveness of the orthogonalization at least among the terms selected. It
will also be noticed that the coe‘fficients of the terms judged to be
significant are in general at least twice their standerd error but there are
exceptions. This property also depends on the orthogonality of the terms.

The GQC system as reduced to the FK4 system thus becames the primary

system for the whole project by adopting the flexible models for the reduction
of the LaP130 positions to it. In particular, it implies the acceptance of
systematic corrections for the CpgoPP reference positions (to be discussed
below) as well as corrections to the early epoch positions us;d to derive
proper motion estimates. On the other hand, if the high order terms had been
rejected, the system of that final catalogue would have became a campramise.
1{ would then not be related in any simple way to any of the camponents that
entered into it. Thus, it would potentially be harder to relate such a system

to any new consistent system of stellar coordinates that may become available




m the future (e.g., the system of the FK5). Of-the three reference star
sources, the GC is the natural choice for the primary system because it is the
most numerous; it alone furnishes proper ﬁb-tions and it‘has been widely used
as a standard in catalogue astrametry. The Cpg PP po;itions cover only two
thirds of the zone of the present,"catalogue, and extrapolation would have been
required if the CpgoPP position had been chosen to define the primary syStan
of our catalogue.

The GC position and proper motion for each star were revised by
incorporating the reduced position given in the LaP130 essentially following
the procedure suggested by Eichhorn and Googe (1969).

In the zone -47930' to -52°, there were 176 stars camon to the GC and
CpsoPP. In order to test for systematic discrepancies, the positions obtained
fran canbining GC and LaPl130 were'.updated to the epoch of the Cape observation
(roughly 1963). Working with the differences GC + LaP130 minus CpgoPP, an
analysis u.ras performed analogous to that done on the GC minus LaP130
differences. The results yield the following formulas for reducing the CpgqPP

positions to our "QC on FK4" system in units of 0V001:

D cwd= =192-175sina-72(m-735)-96 (m-775)sina«
56 85 41 63

AS = -200sina-166c0s5x-189 cos3« + 87(m-705)sini95(m-715 ) cos3a.
78 74 80 34 59

(The small numbers under the coefficients are their standard errors.) The
dispersion of the residuals fran the solution which achieved the reduction was
0”80 in right ascension and 0747 in declination. These corrections were then:
applied to all the CpgoPP positions which were then used to revise the
carmbined GC plus LaPl?_g, essentially in the same way LaP130 was used to revise
the GC.

For the final adjustment, all reference star positions were computed for

the mean plate epoch using the proper motions derived fram the combination
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solution. No proper motions were applied to the CosoPP positions for those
stars not in the GC. After all, the epoch for any of these positions is at
most a couple of years different fram the mean plate epoch.

The reference positions in the overlap solution were in one of three
categories and assigned standard errors as indicated: a. Coordinates
carbined from GC and LaP130 (0%'4), b. Coordinates cambined fram GC, LaP130
and CpsqFP 3(07119), and e¢. Cape positions (0%"125), which means that the
weights appropriate for cases a., b., and ¢., were 0.0625, 0.70 and 0.64,
respectively under the assumption that a coorglinate with a standard error of

071 would have weight 1.

V. THE UTILIZATION CF DIFFRACTION GRATING SPECTRA FOR ELIMINATING THE
EFFECTS OF MAGNITULE DEPENDENT ABERRATIONS
It is well known that magnitude dependent metric aberrations cause the
stars' magnitudes to have an fnfluence on the measured relative coordinates of
their images' centers on fhe plates. This is acknowledged by writing the
formulas for the computation of the standard coordinates & and » fram the
measured rectangular coordinates X and y in the form £= §(:_c_,y_,nl) andv=
o](i,l,x_t_i). Without restricting generality, this can be done by writing §=
g(}_(,t_’_) and 7 ="7(2_(_,¥_) w?th X= x +4x(x,y,m) and Y=y +A!(x_,y_,rg), where X and ¥
are the coordinates which the image would have if the star which generated it
had been of the standard magnitude mg. This latter condition imposes the
restriction that dx and Ay must be formulated such that Ax(x,y,mg) = 0 =
Ay(x,y,my).
We now consider plates exposed with a coarse objectivé grating in front
of the objective, such as were those fram which the present catalogue was

corputed. We hypothesize that the ideal error- and aberration-free averages
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Sq = -}(;_(1+ X9), ¥q * ':'(11"'!2) of the coordinates (.’51’!1-) and (x9,Y9) of a pair
of corresponding diffraction images would be equal to the coordinates X, y of
the central image which. they accompany. Then we have

Xg = X X5y, yg = ¥ YKy,

where 4 is the grating constant which is defined by the statemert that a star

of magnitude r_ry-/«would, on the same plate, have produced central images whose
blackening is the same as that of a diffraction image produced by a star of
magnitude m. We have, in this work, assumed that/u is a constant for a given
grating and a given order of diffraction spectra, that is, that /:_varies
neither with the position of the image on the plate, nor fram one plate to the
next. These assumptions appear J:ustified from the theory of objective
gratings (Eucerius, 1932).

We thus have, (neglecting the measurement errors),

X-Xg =Xy 2K 1), gy Ay (5 m Ay (6 ymp
The left hand sides of these equations are linear functions of random
variables, namely the measured coordinates, and are therefore random variables
themseives. The right hand sides depend on the model functions chosen for Ax
and Az, which themselves depend only on quantities that may be regarded as
known, namely (1) the measured coordinates, x and Y (2) the magnitudes of the
individual stars (or their equivalents, such as the diameters of their images,
etec.), and, (3) conceivably, the color indices (or their equivalents) of the
stars. Color equivalents were, however, in this investigation,‘not available
for all stars, and we have therefore made no attempt to look for, or remove,
systematic effects on the positions which depend on color in any way.
Postulating the models

Ax = AWEVX-QP+DMx(x2+y?)

dy = mmy*g!_ﬂ-‘-m(ihf)

- o,




in which M = g_bg-a‘?s (where m,o was extracted fram the CPC), we obtain

ApBrCpdeaid + Dux(c2y?) = xyx (3)
Epe By G(pie ) + By ePy®) = ygoy

as equations of condition for the determinatin of the parsmeter 4, ..., H by
the method of least squares. The measurements on each pair of grating images
yield one equation each in x and y. The differences on the right hand side of
Egs. (3) will (assuming that the measurements were made with a least count of
one micrcometer) be typically one- and two digit numbers, and we may therefore
regard M and the x and X'occurring on the lef't hand side as known.

The parameter A, ..., H were determined by this method for each plate.

Fran the dispersion 63 of the adjusted differences x4-x and y4-y, the

standard error 6§, of a coordinate measurement can be estimated by G‘f

-

Y2/3 9. This estimate is of course a lower limit only because it was derived

from the measurements made within a very small area of the plate and thus may
be more characteristic for the setting error than for the true measurement
error, which would, in addition to the setting error, be influenced by
negliected errors introduced by the measuring machine or other components of
the measuring process.

An analysis of the sets of parameters for each plate showed that the
simpler models 4x = ~_. Bvix, 4y = EMPEMy will adequately represent the
magnitude dependent aberrations. In other words, we may assume cama 1o
affect the x and y coordinates equally. Since it was noticed that the
dispersions of the values for B, as obtained for each plate, were close to,
but samewhat significantly larger than, the averages of their standard errors
as determined by the just described least squares solutions, we see that the
individual values ‘or B vary significantly from plate to plate. They do,

however, cluster around a certain average value. In the final reductions this

|
;
|
|
!
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was taken into account by adding a constraint to the equations of condition
which encouraged the equality of the coma term B on overlapping plates, but
did not enforce it rigorously. This follows in principle (but not in detail)

the same procedure as applied by Eichhorn ad Gatewood (1967).3)

VI. THE FINAL ADJUSTVENT

In order to check for blunders, preliminary plate constants were corputed

using the reference stars in traditional adjustments in which each plate is
treated independently froam each other one. The adjustment model used for this
was an affine transformation between measured and standard coordinates with
the addition of linear magnitude terms and a linear cama term in each
coordinate. The parameter estimates obtained in this adjustment were used to
carpute the coordinates of all stars and to caipare positions obtained for the
same stars from overlapping plates. Discrepancies of over 3U0 were
investigated and rectified whenever their cause could be identified.

The coordinates published in this catalogue were camputed using the plate
overlap method as formulated by Googe et al. (1970). The principle underlying
this approach is that all unknowns are to be calculated simultaneously fram
one large system of normal equations. The unknowns are, of course, the
spherical coordinates of the stars and the (unpublished) plate parameters
which are used to transform the measured coordinates to spherical ones.

The model postulated for the conversion of measured coordinates (x,y) to
standard coordinates (g,ap was a camplete cubic polynamial for both §

and 7). The coefficients of the terms of the cubic and those of the magnitude

3 better, rigorous way to introduce these probabilistic constraints was
developed by Eichhorn (1978) after the work on this catalogue was already
finished.
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equation were not subjected to any condition (other than those imposed by the

algorithm itself). Since the details of the reduction closely follow those of
similar work published previously (Lukac et al., 1970), we shall not repeat
them here.

The standard error of a catalogued position estimete can be camputed from
the standard error of a position estimate which is based on a single image.
This quantity was derived froam the dispersion of the differences between the
positions of the same star imaged on overlapping plates, and resulted as 0717
in both acosd and §. The standard error of a position based on the
measurements of n images is therefore 0717/yn. We should be careful, though,
to note that measurements on diffraction images ﬁny~ not be as precise as those
on central images, and that therefore those of our published catalogue
positions which depend in part on diffraction images may be scamewhat less

precise than indicated by their formally calculated standard error.

VII. COVPARISON WITH THE FK4 SYSTEM
The positions in the present catalogue were campared with those in an

unpubl ished catalogue on the FK4 system (Eichhorn, 1982) basically an update
of the GQC. The result of this comparison is given in Tab. V; the unit for
declination corrections is 0Y01l; the corrections in right ascension are
camunicated in the form Xcosd and are in units of 05001. A slight magnitude
equation in right ascension was also found:

ducosé=050058-0500143m
where m is the megnitude quoted in the catalogue. It must be noted that this
magni tude equation should not be regarded as established for stars with a
magnitude fainter than the faintest GC stars. It is, likewise, quite possible

that the magnitude equation originated in the camparison catalogue rather than
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in our catalogue. The uncertainty of the table entries, which should in any
case be regarded as preliminary, corresponds to a standard error of about 0703
for the declination data and of 05002 for those in right ascension in the

form Axcoss .

VIII. DESQRIPTION OF THE CATALOGUE

A sample of data fram the catalogue is enclosed as Tab. VI, The
catalogue in its entirety has been deposited with the Physics Auxiliary
Publication Service of the American Institute of Physiecs, see AIP document no.
PAPS .... for 341 pages of tabular material of the same type as in Tab. VI.

The data have the following meaning: The first four colums identify the
star by an already assigned nurber . 4)

The first and second colums give the number of the star in the CPD.
Existing CPD nurbers are, however, not always quoted. The second and third
colums identify the star. in one of the source catalogues, as follows: A
indicates the Catalogue by Gill and Hough (1923; CpZo) and is followed by the
star’'s number in this catalogue, B means that the number following is the '
star's number in the CPC zone -52° to -56°. Other possible prefixes are the
nutbers from 1 through 360. The zones -49°, -51° and -53° of the AC, each
covered by 120 plates, served as source catalogues for the faint stars; the
numbers 1-120 refer to the plates in the AC zone -49°, the numbers 121 to 240
to plates in the AC zone -51°, and the plates in the AC zone -53° were
assigned the numbers 241 through 360, always in order of increasing right
ascension. The star carrying the designation 240 98 in our catalogue is thus
star no. 98 on plate no. 120 in the AC zone -51°. This system allows one to
specify plate number and zone by three digits without any additional
information, which would not have been possible had we used the numbers for

the plates which were assigned in the corresponding AC zones.

+)in view of the existing proliferation of star numbers we decided not to meke
matters even worse and thus refrained fram assigning new star numbes for this
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An asterisk indicates that the stars served as a reference star.
Colums 5 and 6 give right ascension and declinatic;n in their dsual
format, respectively, for the mean coordinate system 1950, ostensibly on the
system of the FK4 and for the avef'age epoch of the plates which provided data
for the carputation of the position. Should epochs be required with greater
precision than the average epoch of all plates, they can be calculated in most
cases fram the data in Tab. I.

Column 7 gives the photovisual magnitudes, copied from existing
sources. (For the AC stars, these were camputed fran the data listed in the
AC.) These are neither very precise nor very accurate and should be used for
identification purposes only.

Finally, colums 8 and 9 gi\;é the nurbers of measured central images and
pairs of diffraction spectra, respectively, that contributed to the
calculation of the published position. The number of individual images
measured for camputing a published position is therefore the nurber in Col. 8
(2 in most cases) plus twice the number in Col. 9.

The catalogue is also available in the form of a magnetic tape which was
distributed to the U.S. Naval Observatory in Washington, D.C., the NASA Data
Center in Greenbelt, MD, The Centre des Données Stellaires in-Strasbourg,
France, the Astronamisches Rechen-Institut in Heidelberg, Germany and the
Sydney Observatory in Australia. A copy also exists at the Department of
Astronamy of .the University of Florida (Gainesville, FL). Legitimate users
may obtain copies and information about about the format under the custamary
conditions fram any of these agencies.

One of us (H. E.) gratefully acknowledges a grant fram the US Army Map
Service which paid for the measurement of the plates. His colleague, Dr. John

P. Oliver of the Department of Astronomy at the University of Florida gave
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generously of his time and expertise in matters concerning the preparation of
the tape for distribution and of the printout of the catalogue for making the
microfiche. The measuring team, then all students at the University of South
Florida in Tanpa, consiéted of Nb;isrs. J. Barrett, C,. Dudley, R. Greenstone,
R. Murphy, W. Scott, W. J. Veigel and Miss T. Schweitzer. a:ersonnel who
contributed substantially includes Messrs. D. Chambers, J. J. Draize, T.
Hennig, A. Nickless, D. Oldham, D. Sloan, Nh, C. Leroy, and N. Lewis. The
authors are profoundly grateful to these persons as well as to all their other

collaborators, without whose conscientious efforts this catalogue could never

have becane a reality.
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